DNA translocation of ATP-dependent chromatin remodeling factors revealed by high-resolution optical tweezers.
ATP-dependent chromatin remodeling complexes (remodelers) use the energy of ATP hydrolysis to regulate chromatin structures by repositioning and reconfiguring nucleosomes. Ensemble experiments have suggested that remodeler ATPases are DNA translocases, molecular motors capable of processively moving along DNA. This concept of DNA translocation has become a foundation for understanding the molecular mechanisms of ATP-dependent chromatin remodeling and its biological functions. However, quantitative characterizations of DNA translocation by representative remodelers are rare. Furthermore, it is unclear how a unified theory of chromatin remodeling is built upon this foundation. To address these problems, high-resolution optical tweezers have been applied to investigate remodeler translocation on bare DNA and nucleosomal DNA substrates at a single-molecule level. Our strategy is to hold two ends of a single DNA molecule and measure remodeler translocation by detecting the end-to-end extension and tension changes of the DNA molecule in response to chromatin remodeling. These single-molecule assays can reveal detailed kinetics of remodeler translocation, including velocity, processivity, stall force, pauses, direction changes, and even step size. Here we describe instruments, reagents, sample preparations, and detailed protocols for the single-molecule experiments. We show that optical tweezer force microscopy is a powerful and friendly tool for studies of chromatin structures and remodeling.